Background: Urolithiasis in pediatric population is a serious problem with the incidence increased these years. In the management of larger stones (diameters >2 cm), percutaneous nephrolithotomy (PCNL) is considered to be the gold standard. This study aimed to investigate the efficacy and safety of mini-PCNL under total ultrasonography in patients aged <3 years. Methods: We reviewed 68 patients (80 renal units) aged <3 years between August 2006 and December 2014 in Peking University People's Hospital and Beijing Tsinghua Changung Hospital, including 36 renal units with a single stone, 6 with staghorn stones, 14 with upper ureteral stones, and 24 with multiple stones. The mean age of the patients was 24.2 months (range 6-36 months), and the mean maximum stone diameter was 19.2 mm (range 10-35 mm). The puncture site selection and tract dilation were guided by Doppler ultrasonography solely. All procedures were performed using 12-16 Fr tracts. Stones were fragmented using pneumatic lithotripsy and a holmium laser with an 8/9.8 Fr rigid ureteroscope. Results: Fifty-six patients with unilateral stones underwent a single session procedure, and 12 patients with bilateral stones underwent two procedures. The mean time to establish access was 2.8 min (range 1.8-5.0 min), the mean operative time was 36.5 min (range 20-88 min), the mean decrease in hemoglobin concentration was 8.9 g/L (2-15 g/L), and the stone-free rate (SFR) at hospital discharge was 94.0%. The mean postoperative hospital stay was 7.1 days (range 3-13 days). Postprocedure complications included fever (>38.5°C) in five patients and reactive pleural effusion in one patient. Blood loss requiring transfusion, sepsis, adjacent organ injury, and kidney loss were not observed. Conclusions: This study indicated that ultrasound-guided mini-PCNL is feasible and safe in patients aged <3 years, without major complications or radiation exposure.
IntroductIon
The incidence of pediatric urolithiasis varies by area to area. Most cases of pediatric urolithiasis are associated with anatomic or metabolic abnormalities or urinary tract infections. [1] The European Association of Urology guidelines recommend shock wave lithotripsy (SWL) as the first choice of treatment for renal stones with a diameter of ≤20 mm. Children pass the stone fragments produced by SWL more rapidly than adults, [2, 3] but SWL requires repeated sessions under general anesthesia. With advances in technology and increased experience, percutaneous nephrolithotomy (PCNL) is now performed in selected patients such as those with large stones, cystine stones, and SWL-refractory stones. PCNL enables direct visualization and clearance of stones and is associated with less need for ancillary procedures and a shorter hospital stay than SWL. However, urologists are often reluctant to attempt PCNL in young children because of their fragile kidneys with small collecting systems, and the potentially high risk of parenchymal injury, bleeding, and sepsis. Only few previous studies have reported on outcomes after PCNL in patients aged <3 years and both these studies mostly used fluoroscopic guidance. [4, 5] Such young children are sensitive to the effects of ionizing radiation, which should, therefore, be minimized during procedures. [6] Ultrasonography is useful for visualization of the intrarenal arteries and nonopaque stones, and does not expose the patient to radiation. For the small collecting system and slim calyces, we used small tracts rather than adult-sized tracts to perform PCNL in these patients. This study aimed to evaluate the feasibility and safety of ultrasound-guided mini-PCNL in patients aged <3 years according to our initial experience. Radiography and computed tomography (CT) were usually performed to evaluate the shapes of collecting system and stones. Six patients had hyperuricemia and six had cystinuria. Antibiotics (e.g., penicillins, cephalosporins, azithromycin) were prescribed to patients with urinary tract infections to ensure sterile urine at the time of the procedure and to avoid sepsis after the procedure.
Mini-percutaneous

Procedures
All procedures were performed under general anesthesia.
Retrograde catheterization was performed using a 3 Fr ureteral catheter in the lithotomy position to fill the collecting system, and the patient was placed in the prone position. A 17.5 gauge coaxial needle was introduced into the fornix of the targeted calyx under ultrasonography [ Figure 1 ]. Target calyx was punctured using a free-hand technique to enable minor adjustments to the position of the needle. After urine reflux was observed, a J-shaped guidewire was inserted through the needle into the collecting system, and the position of the guidewire can be confirmed by ultrasonography [ Figure 2 ]. A 1-cm skin incision was made and the access was dilated using serial fascial dilators over the guidewire, and a 12-16 Fr peel-away sheath was left in place to facilitate observation using an 8/9.8 Fr rigid ureteroscope. The stones were fragmented using pneumatic lithotripsy and a holmium laser, then retrieved using a grasper or nitinol basket, or flushed out using a pulsed water pump. The kidney was then checked for residual stones to determine whether additional tracts were required for stone removal. The procedure was considered complete when no further stones were detected on ultrasonography. A 4.7 Fr double-J stent was inserted antegrade, and balloon catheter was placed as nephrostomy tube.
A complete blood count and serum biochemistry testing were performed immediately after the procedure. Prophylactic antibiotics were administered according to the urine culture and antibiogram results. A kidney-ureter-bladder plain film or CT (for radio-opaque stones) was performed 24-48 h after the procedure to assess the results. Clinically significant residual fragments were defined as stones >4 mm in diameter.
The nephrostomy tube was clamped after 2-3 d if there was no fever, urine leakage, or bleeding, and was subsequently removed if clamping did not cause discomfort. Most double-J stent was removed by cystoscopy after about 1 month to facilitate the discharging of fragments. The stone-free rate (SFR) at the time of hospital discharge was calculated.
results
The collecting system was successfully accessed under ultrasound guidance in all cases. The calyx most commonly accessed first was the middle posterior calyx (47 renal units, 58.8%), followed by the lower pole calyx, and the upper pole calyx was accessed first in only 5 (6.3%) renal units. The tract size was 14-16 Fr in 45 patients (all aged > 24 months) and 12 Fr in the remaining 23 patients. Seventy (87.5%) renal units were treated using a single tract, and the remaining 10 (12.5%) were treated using two tracts. The 56 patients with unilateral stones underwent a single procedure, and the 12 patients with bilateral stones underwent two procedures. In patients who underwent two procedures, the second procedure was performed 1 month after the first procedure, and the double-J stent from the first procedure was removed at the same time.
A needle-assisted procedure was successfully used in six patients, avoided to add another channel. The mean time to establish the channel was 2.8 min (range 1.8-5 min) and the mean operating time (from puncturing of the renal calyx to One patient who underwent puncture of the upper calyx developed recurrent fever, and fluoroscopy showed a reactive right pleural effusion, which was treated conservatively with antibiotic therapy. This patient recovered without further complications and was discharged from hospital after 7 days. There were no cases of blood loss requiring transfusion, sepsis, conversion to open surgery, damage to adjacent organs, or kidney loss. Stone analysis by infrared spectrophotometry was performed in 45 patients, and showed calcium oxalate stones in 25 (36.8%) patients, uric acid stones in 6 (8.8%) patients, struvite stones in 5 (7.4%) patients, mixed composition stones in 5 (7.4%) patients, and cystine stones in 4 (5.9%) patients.
dIscussIon
When melamine-contaminated powdered milk formula was discovered in China in 2008, the Chinese government recognized that melamine ingestion was likely to be related to the high incidence of renal stones in infants, and widespread free screening for renal stones was instituted immediately. [7] In our role as the Urinary Stones Research Center for Northern China, we admitted nearly 200 patients aged <3 years with renal stones until now. Approximately, half of these patients were exposed to melamine-contaminated food. SWL remains the most popular procedure for the management of renal stones in young children. [8] SWL is more effective at fragmenting large stones in young children than in adults, and children tend to pass the resulting stone fragments more rapidly than adults, with few complications. [9, 10] However, the long-term effects of SWL on the developing kidneys and adjacent organs are still unclear. The risks associated with the passage of stones and the relatively low success rate of SWL for the treatments of large stones have hindered the widespread use of SWL. In China, many urologists are reluctant to perform SWL in young children because of the risks associated with general anesthesia and of subsequent urinary tract obstruction. SWL was therefore not commonly performed in young children at our institute. Flexible ureteroscopy is more and more widely used in pediatric renal stones. Although the use of flexible instruments seems feasible for the present time, more data are needed for comparison with other methods. [11, 12] Percutaneous nephrolithotomy can be performed safely and effectively by experienced surgeons, resulting in a higher stone-free rate and lower requirement for ancillary treatment. [13, 14] Use of adult-sized instruments may not be appropriate in young children because the kidneys are small and fragile. Treatment of the small collecting system in these patients requires the use of suitably sized instruments to prevent serious complications such as parenchymal lacerations and bleeding. [15] A previous study reported no significant differences in parenchymal damage or blood loss between the use of 11 Fr and 30 Fr tracts in adults, [16] but Desai et al. [17] reported that a larger tract size was associated with a higher rate of intraoperative hemorrhage and a larger decrease in hemoglobin concentration in children. In our series, a 14-16 Fr tract was used in patients >24 months, and a 12 Fr tract was only used in patients aged <12 months.
In adults, PCNL is performed under fluoroscopic or ultrasound guidance. In patients <3 years old, fluoroscopic guidance was preferred in most reported studies. [4, 14, 18, 19] However, fluoroscopy exposes the patient to radiation. The main factor affecting the amount of radiation exposure is the screening time. The International Commission on Radiological Protection (ICRP) recommends that whole-body exposure in adults should be limited to an effective dose of 20 mSv/year over 5 years. [20] Even when protective measures are in place, patients can be exposed to scattered radiation during the procedure. In young children, it is particularly important to protect the developing gonads and thyroid gland, as the long-term effects of exposing these organs to radiation are still unclear. Unfortunately, melamine-associated renal stones are often radiolucent, and therefore not visible on plain radiographs. [21] In contrast to fluoroscopic guidance, ultrasound guidance can provide real-time monitoring during the puncturing procedure. The path and depth of the needle and the anatomy in and around the kidney are clearly visible on ultrasound examination. [22] We used a 3.5 MHz convex array probe and identified the major vessels using color Doppler ultrasound. Access via the fornix of the middle posterior calyx was preferred because this is always an avascular zone, and because this also allows access to the other calyces [ Figure 2 ]. This is very important to reduce bleeding during or after surgery. Calyceal puncture was performed using a free-hand technique to enable adjustment of the position of the needle. Successful access to the renal collecting system was confirmed by aspiration of urine. After the placement of the peel-away sheath, a rigid 8/9.8 Fr ureteroscope was inserted through the sheath. The renal stones were fragmented using pneumatic lithotripsy and a holmium laser. If the stones were difficult to reach, a flexible ureteroscope or a needle-assisted technique was used. All the mini-PCNL procedures performed in patients aged <3 years at our center were ultrasound-guided, without the use of fluoroscopy. No major procedure-related complications such as blood loss requiring transfusion, sepsis, or adjacent organ injury were observed. The mean decrease in hemoglobin concentration after the procedure was 8.9 g/L. We believe that the use of ultrasound guidance reduced vessel and other procedure-related injuries including delayed bleeding. In patients with bilateral kidney stones, a second mini-PCNL procedure was performed after 1 month.
However, ultrasonography has some disadvantages, such as inability to monitor the degree of renal tract dilation and hard to find the small stones sometimes. That is one reason why postprocedure imaging examinations showed residual stones in 5 patients. Unlike typical renal stones, most of the melamine-associated stones did not show shadowing on ultrasonography but were characterized by decreased background echoes. [7] Edema of the perirenal tissues due to fluid extravasation increased the difficulty of ultrasound-guided puncture, and repeat procedures were seldom performed at our center. Although many studies have reported on the safety and feasibility of PCNL in adults and children, [23, 24] we used a balloon nephrostomy tube in almost all patients to tamponade bleeding and facilitate urine drainage. This study is limited by its retrospective design with no control group, resulting in selection bias. As most patients were lost to follow-up, data regarding stone recurrence and renal function are unavailable. Melamine-associated stones often cause obstruction at the ureteropelvic junction, and it is important to determine the prognosis in these patients. However, very few studies of ultrasound-guided mini-PCNL in children aged <3 years have previously been reported, and this study presents the largest reported case series from China. We, therefore, consider that our findings can contribute to the development of treatment strategies in pediatric patients with kidney stones.
In conclusion, mini-PCNL can be safely and effectively used for the treatment of patients aged <3 years with various types of upper urinary tract stones. Use of a small-sized channel minimizes parenchymal damage and blood loss during the procedure. Ultrasound-guided mini-PCNL does not expose the patient or physician to radiation, in contrast to fluoroscopy-guided procedures. Vessel and adjacent organ injury can also be avoided by real-time monitoring. However, ultrasound guidance has some disadvantages, such as the inability to monitor the degree of renal tract dilation. However, we considered that ultrasound guidance should be considered as the first-line technique in young children because of its significant advantages.
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